Congenitally athymic (nu/nu) mice were found to be more susceptible to intravenous challenge with Sporothrix schenckii than their phenotypically normal (nu/+) littermates as measured by lethality and the number of viable yeast cells in the liver 7 days postinfection. Thymus reconstitution of nu/nu mice (nu/thy) conferred a significant degree of resistance to sporotrichosis. Immunization greatly enhanced the resistance of nu/thy and nu/+ mice, but unexpectedly increased the susceptibility of nu/nu mice. The susceptibility of nonimmunized nu/nu mice and the finding that thymus transplants augmented resistance to sporotrichosis suggest that T lymphocytes are critical to host defense.
severely deficient in T cell-dependent cell-mediated immunity and in humoral response to T cell-dependent antigens. On the other hand, their heterozygous (nu/+) littermates are phenotypically normal, with intact T cell-dependent activities. These attributes have made nude mice a popular model for investigating host defenses against a variety of infectious agents. Among the mycoses studied in nude mice have been coccidioidomycosis (2) , histoplasmosis (12) , cryptococcosis (6) , candidiasis (4) , and sporotrichosis (10) . With the exception of candidiasis, nude mice were more susceptible to infection than their nu/+ littermates, indicating that a functional T cell population is essential for effective immunity in most of these diseases.
This study was conducted to investigate further the role of T lymphocytes in host resistance to sporotrichosis. Nonimmunized and immunized nu/nu, nu/+, and thymus-reconstituted (nu/thy) nude mice were infected intravenously with cells of Sporothrix schenckii. Susceptibility was measured by lethality up to 60 days postinfection and by the numbers (CFU) of organisms found in the liver at 7 days postinfection. As a marker for successful transfer of T lymphocyte function, thymus transplant recipients were tested after immunization for the development of delayed hypersensitivity to S. schenckii antigen.
Five-week-old male and female nu/nu and nu/+ mice of BALB/c background were used throughout these studies. The animals were supplied with sterilized food, water, and bedding and maintained in barrier filter-top cages in a laminar flow hood. Animals were infected with 10-to 14-day-old cells of S. schenckii F33 grown at 35°C on brain heart infusion agar.
In preliminary experiments, animals were infected intraperitoneally with a range of inocula (5 x 104 to 9 x 106 yeast cells), and the number of CFU in the liver, lungs, and kidneys was determined at 3, 7, and 10 days postinfection. The results varied markedly within groups, and the intravenous route was selected for subsequent experiments. After intravenous challenge, greater numbers of CFU were recoverable from the liver than from the lungs or kidney, and therefore the extent of infection in the liver was used as a measure of systemic dissemination.
The relative susceptibility of nu/nu and nu/+ mice was measured in terms of lethality after intravenous inoculation with 106, 5 x 105, or 105 yeast cells. Groups of 9 to 11 mice were used. At each inoculum dose the nu/nu mice died more rapidly than their nu/+ littermates, and analysis of the survival rates established a highly significant difference in susceptibility. However, the lowest inoculum (105 cells) ( Fig. 1 ) was most effective in establishing differences between groups on the basis of cumulative mortality (P < 0.002, Fishers exact test). Therefore, this dose was used in subsequent experiments.
Increased lethality for athymic mice infected with 105 yeast cells paralleled increased numbers of CFU in liver cultures. In two separate experiments, equal groups of nu/nu and nu/+ mice were sacrificed, and the number of CFU in the liver was determined. The CFU count in six nu/nu mice 5 days postchallenge was fivefold greater than in nu/+ mice (P > 0.05). At day 7 postinfection, the mean CFU in 14 nu/nu mice was 9.1-fold greater than in nu/+ mice (P < 0.02). The increased susceptibility of nude mice suggested that T lymphocytes, which are severely reduced in nu/nu mice, might be critical to host defense in sporotrichosis. To examine this possibility, we transplanted thymuses from 4-to 6-day-old BALB/c mice (+/+) into 16 4-to 5-week-old nu/nu mice by a modification of the method of Dukor et al. (5) . Briefly, the entire thymus was inserted subcutaneously into a pouch on the flank of the recipient. After 4 weeks, the thymus recipients (nu/thy) and, for comparison, 12 nu/nu and 13 nu/+ mice were infected intravenously. After 7 days, the livers were harvested and CFU counts were determined.
As Table 1) . The most resistant animals were those with fully functional thymuses, the nu/+ littermates, which were significantly more resistant than the immunized nu/thy mice (P < 0.01).
In comparing the differences in susceptibility between immunized and nonimmunized animals, important conclusions were suggested. First, nu/thy mice had increased resistance to infection after immunization (3.49 Further study is needed to understand this decreased resistance. We are unaware of any attempt to immunize congenitally athymic mice with inactive particulate microorganisms, but believe that decreased resistance may occur with a variety of vaccines prepared from infectious agents. The decrease in resistance may be related primarily to increased capacity for phagocytosis by the fixed hepatic macrophages; i.e., the increased concentration of S. schenckii cells in the liver at 7 days postinfection may be related to their location and may have minimal or no effect on mortality rates. Among the parameters that should be examined is the kinetics of plasma fibronectin (a surface-binding glycoprotein) levels, which are known to be depleted and then hyperproduced after bums, trauma, (3, 9) . The level of plasma fibronectin greatly influences the efficiency of fixed phagocytes in the liver (7). The success rate of thymus reconstitution was assayed by using the development of delayedtype hypersensitivity as a marker of T lymphocyte transfer. The nu/nu, nu/thy, and nu/+ mice used for the immunization experiment were tested for the development of hypersensitivity, as measured by the ear swelling test, 2 days before being infected. Antigen prepared from the filtrate of a 96-h culture of S. schenckii F33 grown in brain-heart infusion dialysate by a modification of the procedure reported by Nielsen (8) was provided by Yupin Chaeronvit, Naval Medical Research Institute, Bethesda, Md. A 1:20 dilution of the antigen was determined to be optimal, and it did not elicit responses in noninfected mice. The ear swelling test was performed as previously described (1) . Briefly, 0.05 ml of antigen was injected into the pinna of the right ear, and as a control, 0.05 ml of physiological saline was injected into a contralateral site on the left ear. The thickness of each ear was measured with a micrometer before and 24 h after injection. Specific swelling was calculated by subtracting the thickness of the control site (postinjection minus preinjection) from the thickness of the antigen-injected site (postinjection minus preinjection).
Immunized nu/thy and nu/+ mice developed a detectable delayed hypersensitivity response to the antigen, whereas immunized nu/nu mice did not. Hypersensitivity responses among the nu/thy mice were used as a measure of the thymus reconstitution success rate for nu/nu mice. Evidence of thymic reconstitution was seen in 80% of the nu/thy mice, based on the 80% response rate, compared wtih 0o of nu/nu and 100%o of nu/+ mice. The mean specific ear swelling of the nu/nu mice was 0.68 ,um, compared with 1.60 and 6.69 ,um for nu/thy and nu/+ mice, respectively. Statistical analysis with the Mann-Whitney U test for two independent groups (11) indicated a significant difference in the response of nu/thy versus nu/nu mice (P < 0.02); however, nu/thy mice responded considerably less than did nu/+ mice (P < 0.02). These data paralleled those for differences in susceptibility ( Table 1) .
The results of these studies established that (i) nu/nu mice were significantly more susceptible to intravenous infection with S. schenckii than their nu/+ littermates, by both lethality and the number of CFU found in the liver 7 days after infection; (ii) thymus transplants from normal neonates conferred significant protection on nu/nu mice, as measured by the number of CFU in liver homogenates at day 7 postinfection; (iii) immunization with heat-killed S. schenckii cells enhanced the resistance of nu/thy and nu/+ mice; (iv) immunization of nu/nu mice sharply increased their susceptibility, as measured by CFU counts, and (v) resistance in immunized nu/thy mice paralleled T lymphocyte function, as measured by delayed-type hypersensitivity response to S. schenckii antigen.
The finding that athymic mice were more susceptible to S. schenckii infection than their heterozygous littermates, as measured by CFU, agreed with a previous report by Shiraishi et al. (10) . In this study we also examined susceptibility, as measured by lethality, and determined the influence of thymus reconstitution on the susceptibility of athymic mice. Immunization of nu/nu, nu/thy, and nu/+ mice with nonviable yeast cells not only provided a measure of the success rate of the thymus transplants, but also unexpectedly revealed that immunization of nu/nu mice resulted in an apparent increase in their susceptibility. This finding will require additional investigation.
